Genetic and Environmental Influences on Affiliation with Deviant Peers during Adolescence and Early Adulthood
Developmental changes in the nature of peer relationships (e.g., Gavin & Furman, 1989) , time spent with peers (e.g., Warr, 1993) , and the influence of peer relationships on youth development (e.g., Gardner & Steinberg, 2005; O'Brien & Bierman, 1988) have been the focus of considerable research. Affiliation with deviant peers during adolescence is predictive of various adolescent and young adult externalizing behaviors-including sexual risk (Lansford et al., 2010) , illicit drug use (Petraitis, Flay, Miller, Torpy, & Greiner, 1998) , and violence (Henry, Tolan, & Gorman-Smith, 2001 ), as well as psychiatric disorders in adulthood (e.g., substance use disorder; Cornelius, Clark, Reynolds, Kirisci, & Tarter, 2007) . Far less is known about the factors that influence youth's affiliation with peers and how those factors may change across adolescence and into early adulthood. Various "environmental" variables have been found to be genetically influenced (McGue, Elkins, Walden, & Iacono, 2005; Plomin & Bergeman, 1991) , including affiliation with deviant peers (Button et al., 2007; .
Longitudinal behavior genetics studies present a unique method for studying changes in the influence of genetic factors relative to environmental circumstances over key developmental transitions. For example, during late adolescence, youths interact less with parents and families and exert greater autonomy as they transition to adulthood and out of their parent's home (Roisman, Masten, Coatsworth, & Tellegen, 2004) . It is likely that shifts in the relative importance of genetic and environmental influences (especially family environmental influences) on peer deviance also occur during this period. Moreover, it is unclear if the same genetic and environmental factors influence deviant peer affiliation across adolescence and early adulthood, if new genetic and environment influences emerge and exert influences as the nature of peer relationships and normality of affiliation with deviant peers shifts, or if both factors shared across age and age-specific factors influence affiliation with deviant peers. Using a longitudinal design, the current study examines these questions as they relate to peer deviance from middle adolescence to early adulthood.
How genes shape our environments
Phenotypic research has primarily focused on environmental correlates of peer deviance.
Family life is often found to be influential, with findings of peer deviance being positively associated with parent-child conflict (Brook, Brook, Zhang, & Cohen, 2009) , poor parental monitoring and discipline (Dishion, Patterson, Stoolmiller, & Skinner, 1991) , and parental deviance and substance abuse (Fergusson & Horwood, 1999) . Furthermore, peer deviance has been linked to socioeconomic and community level factors (i.e., social and neighborhood disadvantage; Brody et al., 2001; Fergusson & Horwood, 1999) . Youth may also be predisposed to select or be chosen by such peer groups; for example, longitudinal research shows that individual characteristics (e.g., fearlessness, hyperactivity) are predictive of peer deviance (Lacourse et al., 2006) . Social constructs and other putatively environmental factors are influenced by genes; heritability of these environmental variables is thought to be a byproduct of genetic influences on the psychological or behavioral traits that influence exposure to certain environments (Rutter, Moffitt, & Caspi, 2006) , with researchers noting the potential mediatory role of personality (Kendler & Baker, 2007) . Social behaviors, such as deviant peer affiliation, are complex and influenced by many individual characteristics (e.g., fearlessness; need for approval), making investigation of genetic etiology challenging. Studying genetic contributions to peer affiliation itself provides insight about the sum of all potential genetic factors influencing peer group selection.
Developmental changes in the salience of genetic and environmental influences may be related to shifts in genotype-environment correlations (rGE; i.e., the tendency of individuals to experience environments consistent with their genotype). There are several types of rGE (Jaffee & Price, 2007) . Youth are primarily influenced by environments shaped by their parents (passive rGE) in early childhood. As they grow older and more autonomous, they may be more likely to actively seek environments that reinforce their genetically influenced dispositions (active rGE).
Simultaneously, their genetically influenced behavior may shape their social environment by evoking reactions in others (i.e., evocative or reactive rGE; Plomin, DeFries, & Loehlin, 1977; Scarr & McCartney, 1983) . From this perspective, with active and evocative/reactive rGE increasing with age and passive rGE decreasing with age, peer deviance should be influenced more by environmental influences during adolescence and more by genetic influences as young people move into adulthood. It should be noted that while age-related increases in genetic influences on various behavioral and psychiatric phenotypes have been well-documented (see Bergen, Gardner, & Kendler, 2007 for a meta-analysis), empirical support for increases in rGE is less common.
Twin study methodology provides a means to distinguish genetic from environmental sources of influence on behaviors, using comparisons of co-twin similarity in phenotypes, such as peer deviance. Biometric modeling with twin pairs takes advantage of the fact that twins provide a natural experiment; monozygotic (MZ; identical) twins are the result of one fertilized egg that splits in-utero and thus they share 100% of their genetic material, while dizygotic (DZ; fraternal) twins are the result of two eggs fertilized at the same time and thus they share on average 50% of their genetic material (as with any two non-twin full siblings). Comparisons are quantified using biometric statistical models that provide estimates of additive genetic effects, shared environmental effects (i.e., environmental effects shared by reared-together relatives that are sources of behavioral similarity), and nonshared environmental effects (i.e., environmental effects that differ for reared-together relatives and are sources of behavioral dissimilarity) on peer deviance.
Research on genetic and environmental contributions to peer deviance
Several studies have examined genetic and environmental contributions to deviant peer affiliation and deviant peer characteristics. Some studies find moderate to large genetic influences on peer deviance or delinquency (21%, Button et al., 2007; 49 to 71%, Manke, McGuire, Reiss, Hetherington, & Plomin, 1995) and peer substance use (27%, Dick et al., 2007;  31%, Fowler et al., 2007; 41%, Harden, Hill, Turkheimer, & Emery, 2008 ) and others find little or no genetic contributions to peer deviance, delinquency, or substance use (Bullock, DeaterDeckard, & Leve, 2006; Iervolino et al., 2002; Walden, McGue, lacono, Burt, & Elkins, 2004) .
Research supports both nonshared (Bullock et al., 2006; Iervolino et al., 2002) and shared environmental influences on peer deviance and substance use (Button et al., 2007) . The discrepancies in heritability estimates are difficult to explain because of the diverse samples, measures and informants, and statistical approaches. Nevertheless, it appears that genetic influences on peer delinquency, deviance, and substance use are higher when measured through self-report (see Manke et al., 1995 for an exception) and among older samples.
Longitudinal research of genetic and environmental effects to peer deviance shows how these influences change over time. Variance estimates of peer deviance indicate a steady increase in genetic effects during late childhood to early adulthood (from 39% to 50%), a decrease in shared environmental effects (from 27% to 13%), and a relatively stable amount of nonshared environmental effects (from 33% to 35%; . Despite main finding that distinct developmental trajectories are produced via genetic versus environmentally-influenced peer deviance, it was not without limitations, including use of an allmale sample, retrospective reporting of adults, and occasion-specific reporting of peer deviance that spanned three years. Most importantly, this paper did not provide insight about age-specific genetic or environmental effects (also known as innovation) relative to age-overlapping effects.
Assessing the stability of peer deviance across development While Kendler, Jacobson, Myer, and Eaves (2008) 's study was primarily designed to test causal hypotheses about the relationship between conduct disorder and peer deviance, they also commented less specifically on genetic and environmental factors that may account for the stability of peer deviance. They reported that genetic effects on peer deviance had a pervasive effect across occasions while environmental (both shared and nonshared) influences were occasion-specific. Of note, they did not report the proportions of the shared variance in peer deviance across ages as a function of occasion-overlapping relative to occasion-specific effects.
That is, they compared models of shared (common) genetic and environmental effects versus occasion-specific effects, without introducing models in which both could be correct. This last limitation is worth noting. Genetic and environmental effects may be novel to discrete points during development. Etiological influences may also accumulate throughout development. It is likely that both novel and accumulated influences contribute to peer deviance at each age, and thus models that account for changes in both age-overlapping and ages-specific influences are important.
Indeed, a recent twin study (using the same sample as the current study) that assessed a related phenotype (i.e., nicotine dependence; Tully et al., 2010) at discrete ages found some overlap in genetic effects across ages 15, 18, and 21 but also the emergence of new genetic influences at age 18. Similarly, Malone, Taylor, Marmorstein, McGue, and Iacono (2004) used an older (assessments at ages 18, 21, and 25), all-male sample and showed significant genetic innovation at age 21 in both antisocial behavior and alcohol dependence (59 and 60% genetic variance was genetic innovation, respectively). Baker, Maes, Larsson, Lichtenstein, and Kendler (2011) found genetic innovation around the same age for a latent substance use factor (25% innovation). In contrast, one study found that a single set of genetic risk factors present in middle adolescence was responsibility for continuity in alcohol abuse and dependence in early adulthood (van Beek et al., 2012) . These studies support the potential importance of both age-overlapping and age-specific effects.
Modeling peer deviance stability in this way can inform interventions to prevent peer deviance. For example, strong genetic influences on peer deviance at each age and developmentally stable genetic influences across adolescence (i.e., the same genetic influences contributing to peer deviance across development) would support peer deviance as a geneticallyinfluenced trait-like characteristic that would likely contribute to persistence in risk behaviors across adolescence, leaving unclear what candidate interventions would be worth trying or how effective they could be expected to be. Alternatively, knowledge that genetic influences do not contribute to the stability of peer deviance across adolescence or do so only during certain periods of adolescence would inform timing and selection of interventions, for example employing school-based interventions during periods when environmental influences are relatively greater than genetic influences.
Current Study
We tested several hypotheses about developmental changes in peer deviance (PD) at three ages during adolescence (15, 18, and 21 years). First, based on the assumption of developmental shifts toward increased independence, less time spent with parents and family, and thus likely greater niche-fitting during adolescence and early adulthood as well as prior research supporting age-related increases in the heritability of many behavioral traits (Bergen et al., 2007) , we expected age-related increases in genetic influences on PD and age-related decreases in shared environmental influences on PD. Second, given evidence of common latent genetic factors contributing to PD across this developmental period (Kendler et al., 2008) , we predicted common genetic factors would influence PD across all three ages (i.e., age-overlapping effects). At the same time, we also predicted that not all of the genetic influences on PD would be shared across the ages but rather new genetic influences would emerge (i.e., age-specific effects), which would be consistent with findings of genetic innovations on related phenotypes during this developmental period (e.g., Baker et al., 2011; Malone et al., 2004; Tully et al., 2010) . Third, we expect that some of the shared influences would be shared across ages and some new, age-specific shared environmental influences would emerge during this period based on prior research supporting both occasion-specific phenotypes (Kendler et al., 2008) and common shared environmental influences of related phenotypes (e.g., Baker et al., 2011; van Beek et al., 2012) . Fourth, consistent with findings of age-specific nonshared environmental influences on several phenotypes (e.g., Baker et al., 2011; Kendler et al., 2008; Tully et al., 2010 ) and the idea that many unique environmental influences change across development (e.g., from extracurricular activities in adolescence to college/work environment in young adulthood), we hypothesized that nonshared environmental influences would be largely age-specific and thus would not contribute to the covariance in peer deviance across ages (i.e., its stability).
Method Sample
The sample of 756 same-sex twin pairs (50.3% female, 485 monozygotic, 271 dizygotic) was drawn from the Minnesota Twin and Family Study (MTFS). The MTFS is a large, population-based, longitudinal study of twins and their families who were recruited from Minnesota birth records of twins born between 1971 and 1985. The participation rate was 83% for the twins who met inclusion criteria (i.e., twins were free from major cognitive and physical handicaps, lived within a day's drive from the laboratory, and were not adopted by non-relatives).
The participating families were representative of the population of Minnesota at the time the twins were born. The sample was 98% Caucasian; mean occupational status (Hollingshead) for fathers and mothers were 3.9 and 3.7, respectively (which corresponds to clerical, sales, and technician). All participants provided written, informed consent. Additional information about recruitment and sample characteristics can be found elsewhere (Iacono, Carlson, Taylor, Elkins, & McGue, 1999; Iacono, McGue, & Krueger, 2006) . Participants were recruited at age 11 (M=11.72, SD=0.43) and completed three follow-up assessments approximately every three years. Means and standard deviations for ages at the three follow-up assessments are 14.80 (0.51), 18.16, (0.65), and 21.46 (0.77). The peer group survey was administered to all participants only at the three follow-up assessments. These assessments will be referred to by the rounded age of participants (age 15, 18, 21) .
Attrition analyses showed that mean peer deviance scores were slightly lower for participants who completed the peer deviance measures at follow-up compared to participants who did not. At age 15, PD scores were .23 SDs lower for participants who completed the peer deviance measure at the age 18 follow-up (85.5% of the sample) versus those who did not and were .34 SDs lower for participants who completed the peer deviance measure at the age 21 follow-up (85.6%) versus those who did not. Symptoms of nicotine dependence (NicD), a related phenotype, at age 15 were .43 SDs lower in completers compared to non-completers of the age 18 follow-up and were .15 SDs lower for completers compared to non-completers of the age 21 follow-up. Female participants were also more likely than male participants to complete the age 18 follow-up (89% of females vs. 81% of males) and the age 21 follow-up (91% vs. 80%).
Measures
Deviant peer affiliation was assessed using the Friends Inventory, a computeradministered, self-report measure of peer characteristics that was developed by the MTFS researchers (Walden et al., 2004) . This instrument contains 19 items for age 15 and 18 assessments and 27 items for age 21; for the current study, we used the 9 items that tap deviant peer affiliation (e.g., my friends steal things from others, my friends break the rules). The 9 items were identical at age 15 and 18 assessments. At age 21, two items ("my friends drink alcohol or beer" and "my friends get into trouble at school") were replaced with items more appropriate for 21-year-olds who are out of school and of legal drinking age ("my friends drink alcohol or beer a lot" and "my friends enjoy getting drunk"). Items are rated on a 4-point scale (1=none of my friends are like that, 2=just a few of my friends are like that, 3=most of my friends are like that, 4=all of my friends are like that), and these 9 items were summed to create a total deviant peer scale. Alphas at ages 15, 18, and 21 are .89, .88, and .82, respectively. Zygosity of the twins was determined using three measures: (1) parental report on a standard measure of zygosity, (2) MTFS research staff member's subjective evaluations of twin's physical similarity, such as hair color and face and ear shape, and (3) anthropometric measures of ponderal index, cephalic index, and finger print ridge count. When these measures did not agree, zygosity was determined through serological analysis. Validation of this zygosity method was supported through analysis of a subsample (n = 50), which confirmed agreement among the three measures with serological analysis.
Data Analyses
Biometric model-fitting. Genetic and environmental contributions to variance in affiliation with deviant peers at each age and covariance in affiliation with deviant peers across ages 15, 18, and 21 were estimated using a 3-factor Cholesky decomposition model (Figure 1) .
This model provides estimates of additive genetic effects (A), shared environmental effects (C, environmental effects that are shared by reared-together relatives and are sources of behavioral similarity), and nonshared environmental effects (E, environmental effects that differ for rearedtogether relatives and are a source of behavioral dissimilarity) on each phenotype in the model (here, deviant peer affiliation at three different ages). Further, it separates the A, C, and E effects into effects common across ages and effects specific to a particular age. Genetic and environmental contributions to variance in age 15 phenotypes are obtained by squaring the respective path-coefficients (a 11 , c 11 , e 11 ) . Variance in the phenotypes at age 18 is divided into components attributable to genetic and environmental influences present at age 15 (a 21 , c 21 , e 21 ) and residual (new) components that are independent of the genetic and environmental variance at age 15 (a 22 , c 22 , e 22 ). Variance in the phenotypes at age 21 is divided into components attributable to genetic and environmental influences present at age 15 (a 31 , c 31 , e 31 ) and present at age 18 but not 15 (a 32 , c 32 , e 32 ) and residual (new) components that are independent of the genetic and environmental influences present at age 15 and 18 (a 33 , c 33 , e 33 ). Correlations between the latent variables that represent the total A influences (i.e., not divided into previously present and new influences) at each of the three ages, correlations for the C influences at each age, and correlations for the E influences at each age are also reported.
To account for the changes in wording of items on the Friends Inventory version used at ages 15 and 18 and the version used at age 21, models were fit to correlation matrices rather than raw data. Separate correlation matrices for males and females with parameters constrained to be equal across sexes were used to account for sex differences in mean levels, variance, and covariance of deviant peer affiliation. To determine which parameter estimates were meaningful, fit statistics for an unconstrained model in which all parameter estimates were free to vary across the ages was compared to a series of models in which the A, C, and/or E estimates were constrained to be equal across ages. These models were calculated using the the maximum likelihood option in Mx statistical software system (Neale, Boker, Xie, & Maes, 1999) .
Parameters were estimated to minimize minus two times the natural logarithm of the multivariate normal likelihood (-2lnL), and the minimized values of -2lnL for the baseline model (in which A, C, and E effects were free to vary across ages) were compared with more restrictive models (with effects constrained across ages) using the likelihood χ 2 difference tests. These tests evaluate the comparative fit of models with age constraints, with a nonsignificant χ 2 difference test indicating that the more restrictive model provides an appropriate fit to the data. The Akaike Information Criteria (AIC = χ 2 -2∆df) is an alternative to the χ 2 goodness-of-fit test statistic that is less likely to result in rejection of the more restrictive model when deviations between the baseline and restricted model are relatively small but the sample size is large. Models that minimize AIC are preferred.
Results
Descriptive statistics, phenotypic correlations, and twin correlations Prior to biometric model fitting, twin intraclass correlations for PD within each age group by zygosity and gender were calculated to assess genetic and environmental influences on PD (Table 2) . These correlations give a general indication of the magnitude of genetic and environmental influences; MZ correlations less than 1.0 indicate nonshared environmental effects, and MZ correlations that are greater than DZ correlations suggest significant genetic influences. Intraclass correlations were positive, moderate to strong in magnitude, and significant for MZ and DZ twins at all ages. As expected, correlations were larger for MZ twins than for DZ twins, with the exception of the correlations for females at age 15 when the magnitudes of the correlations were higher for DZ twins but were fairly similar across zygosity. The zygosity differences in the correlations increased with age. These correlations suggest low genetic influences on PD at age 15 and increases in genetic influences with age. The widening gap in the magnitude of the MZ and DZ correlations also indicates that shared environmental influences generally decreased during this time period. Before comparing fits of the proposed age-constrained models, models constraining the parameters across sexes were fit to the data. Constraining all parameters in the model to be equal across sexes did not significantly reduce the fit of the model (∆X 2 = 27.89, p = .06), indicating negligible differences in parameter estimates for male and female participants. Similarly, constraining only the genetic parameters to be equal across sexes (while allowing the others to vary across the sexes) also did not significantly reduce the fit of the model (∆X 2 = 3.16, p = .76), further supporting no meaningful sex differences in estimates of genetic influences on PD across adolescence and young adulthood. Therefore, in all subsequent models, parameters were constrained to be equal across sexes. The effect of constraining parameters to be equal across ages on the fit of the models was examined using the χ 2 difference test and the AIC (see Table 4 ). Compared to the fully age unconstrained "baseline" model (Model 1), a model constraining A to be equal across all ages, C to be equal across all ages, and E to be equal across all ages (Model 2) provided a significantly worse fit to the data as indicated by the significant χ 2 difference test. This indicates that estimates of genetic, shared environmental, and nonshared environmental influences should not be constrained to be equal across all ages, and we should move forward with testing models that constrain the A, C, and E parameters at the different ages. Constraining A to be equal across the three ages (Model 3) also worsened the fit of the model compared to Model 1 as did constraining A to be equal at ages 15 and 18 (Model 4), but constraining A to be equal at ages 18 and 21
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(Model 5) did not significantly reduce the fit of the model. These findings indicate that the proportion of variance that can be attributed to genetic influences is significantly smaller at age 15 than at ages 18 and 21, but this proportion is not significantly different at ages 18 and 21.
Model 6 constrained C across the three ages and provided a significantly worse fit compared to the baseline model (Model 1). Constraining C to be equal at age 15 and 18 but allowing C to vary between age 21 and the two younger ages (Model 7) did not significantly reduce the fit of the model. Conversely, constraining C to be equal at age 18 and 21 significantly worsened model fit (Model 8). The nonshared environmental influences, which fluctuated a bit with age, could not be constrained to be equal across the three ages (Model 9), between ages 15 and 18 (Model 10) or between ages 18 and 21 (Model 11).
In summary, the proportion of variance in PD scores explained by genetic influences increased from ages 15 to 21, particularly between ages 15 and 18. Almost all of the genetic influences on PD at age 18 were new (i.e., not shared with previous ages), while none of the genetic influence on PD were new at age 21. The proportion of variance explained by shared environmental influences decreased with age, and almost all the shared environmental influences on PD at age 18 were present at age 15. Nonshared environmental influences on PD were unique to each age. Thus, the covariance (stability) of PD scores across ages is primarily due to common shared environmental influences between ages 15 and 18 and largely due to genetic influences between ages 18 and 21. Nonshared environmental effects contributed little to the covariance of PD scores across ages.
Discussion
The current study sought to examine developmental changes in genetic and environmental contributions to the variance and covariance in PD during a critical period of development-middle adolescence to early adulthood-when the relative importance of peer groups is high, the nature of peer relationships tends to change, and peer influence on the development of individual problem behavior, such as antisocial behavior and alcohol and drug use, is at its peak. Of primary significance is our finding that genes influence PD throughout this period. Consistent with behavioral genetic studies of other putative environmental measures (family environment, social support, and marital quality; see Kendler & Baker, 2007 for review), this finding is in line with research that environmental risk factors are in part heritable, possibly through genetic transmission of associated psychological and behavioral traits that predispose individuals to particular environments through complex underlying gene-environment interplay (Plomin & Bergeman, 1991) . In addition, environmental influences (both shared and nonshared)
to PD were also found. Moreover, although PD is a stable characteristic, it was found to be maintained by different genetic and environmental factors during middle adolescence to early adulthood.
Genetic influences to PD: Stability versus innovation
Support was found for our hypothesis that like many other phenotypes, the magnitude of genetic influences on PD increased with age. This increase was most pronounced from age 15 to 18 and remained relatively stable from 18 to 21. One explanation for this shift in genetic contributions is the growing independence from families and active selection of friends during late adolescence which might contribute to increases in active gene-environment correlations (rGEs) through the process of niche fitting. An evocative rGE could also exist whereby individuals are selected by others similar to themselves. These mechanisms remain largely speculative; however, evidence is growing for their existence (e.g., Burt, 2008) . Moreover, agerelated increases in rGEs responsible for the rising heritability of PD may be due to within-pair differences in PD that lead to reallocation of environmental resources to one sibling over another, which through a feedback loop, fosters PD growth in the more genetically-prone sibling and PD decline in the less genetically-prone sibling (Beam & Turkheimer, 2013) .
No new genetic influences emerged at age 21 that were not already present by age 18.
This finding is consistent with research on developmental trajectories of deviant behavior and PD. Deviant behavior is more normative for youth during adolescence than during adulthood, as evidenced by findings of life-course-persistent versus adolescent-limited antisocial behavior (Moffitt, 1993; Moffitt & Caspi, 2005) . Mean differences in PD by age in our sample indicate a sharper rise in PD during middle to late adolescence than from late adolescence to young adulthood, a quadratic pattern that if extended further into adulthood may result in declining levels later in adulthood. found that greater genetic than environmental influences on PD during childhood was associated with sharper increases in PD through adolescence and adulthood. Our finding that the stability of PD into adulthood (from 18 to 21) is driven by genetic influences lends further support to this idea, while also extending these findings by showing that while the stability in PD between late adolescence to young adulthood was almost entirely driven by genetic influences, the stability in PD from age 15 to 18 was very minimally driven by genetic influences. Unlike prior research (Kendler et al., 2008) , we were able to pinpoint an age when genetic influences began to drive this stability. Furthermore, we found no differences in genetic and environmental influences across sexes, thus extending a literature that has focused primarily on males to show these findings apply equally well to males and females.
The transitional nature of late adolescence has been the subject of considerable research (e.g., Way & Greene, 2006) . This often turbulent period of late adolescence may trigger the expression of novel genetic pathways via gene-environment interactions, consistent with a stressdiathesis model (Shanahan & Hofer, 2005) . Furthermore, this age period may mark an important transition for the nature of PD, as it goes from being more environmentally malleable to more genetically driven and trait-like; the heritability of PD increased dramatically between age 15
and 18 and stability of PD was driven by genetic factors only after age 18. Efforts to prevent PD in youth at-risk for maladjustment should thus focus on transitions in middle adolescence, when PD may be more susceptible to intervention.
The environment and PD
As hypothesized, the relative importance of the shared environment decreased with age, with shared environmental influences accounting for about half of the variance in PD at age 15, one third of the variance by age 18, and a nonsignificant proportion by age 21. Common family life, school environment, and neighborhood quality are likely to underlie the greater shared environmental influences in middle and late adolescence when cohabitation between twins is expected. The shared environmental effects in our study were largely age-overlapping, wherein most of the variance explained by shared environmental influences during late adolescence and adulthood was explained by influences present at earlier ages. Given the small amount of variance in PD explained by the shared environment by age 21, this finding is most relevant to the period between middle to late adolescence. Thus, our finding is consistent with the idea that some environmental factors common to both twins exert influence when children are likely to live at home and underscores the promise of interventions that target changes to shared environmental experiences-for instance, greater parental monitoring-during this high risk period.
Unlike genetic and shared environmental influences, the nonshared environment influences on PD were, as hypothesized, largely age-specific. This means that the environmental influences that were uniquely experienced by each twin were specific to each age. During middle and late adolescence, parents may contribute to these nonshared experiences by adjusting their parenting to match each child's unique behavior. Later on, individuals are less influenced by parental monitoring, and other nonshared developmentally-relevant environmental factors (e.g., a university setting) are likely to influence friendship patterns. Our finding that nonshared environmental influences were largely age-specific is consistent with studies of PD (e.g., Kendler et al., 2008) and related behavioral phenotypes (Baker et al., 2011; Tully et al., 2010) , and suggests that certain environmental characteristics are moving targets, changing overtime to correspond with discrete developmental periods. Interventions aimed at minimizing PD should adjust to salient risk and protective factors corresponding to age categories.
Limitations
A few methodological limitations of this study should be noted. First, we assessed predominantly Caucasian participants, a reflection of the community from which the twins were selected. Our findings may not generalize to other ethnic and racial groups. Second, biometric models partition variance into genetic and environmental effects but do not separate geneenvironment or epistatic genetic effects and do not provide information about the specific genes or environmental factors involved. Given our findings, future research in the growing field of molecular genetics (e.g., Lee, 2011) should examine underlying genes that influence PD, particularly during the period from middle to late adolescence. Third, the assessment of PD occurred every three years and more frequent assessments may have uncovered even more subtle developmental shifts in the influences of these effects. Fourth, there were slightly lower levels of PD for individual who completed the follow-up assessments than individuals who did not, and thus the results are potentially biased towards less maladjusted adolescents and young adults.
Future directions in research on peer group affiliation
To build on the findings from the current study, future research should consider the role individual differences which may help explain genetic vulnerability to PD. The covariance between PD and behavioral maladjustment-for example, conduct problems (Burt, McGue, & Iacono, 2009; Button et al., 2007; Kendler et al., 2008) and substance use (Button et al., 2009; Dick et al., 2007; Gillespie, Neale, Jacobson, & Kendler, 2009; Walden et al., 2004 )-indicates that socialization and peer selection processes during these discrete, high-risk developmental periods should be isolated to more accurately inform etiological models of psychiatric disorders (e.g., antisocial personality disorder and substance use disorders).
Individuals, however, will ultimately experience their environments in unique ways, shaping interpersonal relationships. For example, researchers considered the role of externalizing behaviors in affecting PD and found the nonshared environment to mediate the association between externalizing behaviors and PD in middle and late adolescence (Burt et al., 2009 ). This suggests a genetic vulnerability for PD and conduct problems will be expressed differently depending on the unique environmental experiences of each twin. This finding coupled with our finding that the nonshared environment exerts entirely age-specific influences but consistently influences PD into early adulthood suggests the need for research into the exact nature of these nonshared environmental influences at discrete ages.
Uncovering precise shared environmental influences on PD is also an avenue for inquiry.
For example, early childhood behavior problems have been found to be influenced in part by the shared environment via the effects of neighborhood disadvantage (Caspi, Taylor, Moffitt, & Plomin, 2000) . The pervasiveness of shared environmental effects that contributed to the stability of PD during adolescence in our sample may be related to enduring neighborhood conditions.
Genetically-informed studies of shared environmental influences on peer group affiliation would benefit from a consideration of ecological theories of child development (Bronfenbrenner, 1979) in order to understand how neighborhoods and community settings affect family life and parenting, which in turn, shape interpersonal relations among adolescents in a lasting way.
In summary, this study makes important contributions to our understanding of PD. The findings support the influences of the social environment, both influences shared among family members and influences unique to each individual, as well as genetically influenced factors on youth's affiliation with deviant peers. The relative importance of the genetic and environmental influences shift across development with late adolescence emerging as a critical period for changes in these influencing factors. Note. All correlations are significant at p < .001. Note. All correlations are significant at p < .001. . This figure depicts the 3-factor Cholesky decomposition model used in this study. The model decomposes the variance in deviant peers into components attributable to additive genetic effects (A i ), shared environmental effects (C i ), and nonshared environmental effects (E i ) at each of the three assessments (i = 1, 2, 3). The individual paths, which are represented by lowercase letters followed by numerals, when squared estimate the proportion of variance accounted for by the genetic and environmental influences. This figure represents only one twin, and identical model is also calculated for the co-twin. Ages 15, 18, and 21 Figure 2. This figure is a standardized path diagram of the full, sex-constrained Cholesky decomposition model for deviant peers with 95% confidence intervals for the parameters shown in the model. Path coefficient estimates have been squared and represent the proportion of variance in deviant peers accounted for by the components. A i = variance attributable to additive genetic effects; C i = variance attributable to shared environmental effects; E i = variance attributable to nonshared environmental effects.
Figure 2. Developmental Changes in Genetic and Environmental Influences on Deviant Peers at

